A cross-sectional study of military personnel following deployment to conflicts in Iraq or Afghanistan ascertained histories of combat theater injury mechanisms and mild traumatic brain injury (TBI) and current prevalence of posttraumatic stress disorder (PTSD) and postconcussive symptoms. Associations among injuries, PTSD, and postconcussive symptoms were explored. In February 2005, a postal survey was sent to Iraq/Afghanistan veterans who had left combat theaters by September 2004 and lived in Maryland; Washington, DC; northern Virginia; and eastern West Virginia. Immediate neurologic symptoms postinjury were used to identify mild TBI. Adjusted prevalence ratios and 95% confidence intervals were computed by using Poisson regression. About 12% of 2,235 respondents reported a history consistent with mild TBI, and 11% screened positive for PTSD. Mild TBI history was common among veterans injured by bullets/shrapnel, blasts, motor vehicle crashes, air/water transport, and falls. Factors associated with PTSD included reporting multiple injury mechanisms (prevalence ratio ¼ 3.71 for three or more mechanisms, 95% confidence interval: 2.23, 6.19) and combat mild TBI (prevalence ratio ¼ 2.37, 95% confidence interval: 1.72, 3.28). The strongest factor associated with postconcussive symptoms was PTSD, even after overlapping symptoms were removed from the PTSD score (prevalence ratio ¼ 3.79, 95% confidence interval: 2.57, 5.59).
The estimated prevalence of PTSD among Active-duty soldiers following return from OIF ranges from 13 percent to 17 percent (9, 10) compared with 5 percent prior to deployment (10) . Injured Active-duty OIF personnel had a higher PTSD prevalence than uninjured personnel did: 32 percent versus 14 percent (9) . PTSD is associated with long-term health effects, including cardiovascular disease (11) (12) (13) .
Overlapping symptoms hamper understanding of the relation between PTSD and postconcussive symptoms (9, 11, 14) . PTSD and preexisting psychiatric disorders may increase the likelihood of postconcussive symptoms (14) (15) (16) . The relation between mild TBI and PTSD has been debated (17) (18) (19) (20) , but a new study indicates a stronger association between mild TBI and PTSD than between other types of injury and PTSD (14) . Based on a 2006 cross-sectional survey of 2,525 Army personnel in two combat infantry brigades about 3-4 months after their return from Iraq, Hoge et al. (14) observed that the highest prevalence of PTSD occurred among those soldiers who had lost consciousness. Loss of consciousness also was strongly associated with major depression. Mild TBI, whether or not loss of consciousness occurred, was significantly associated with postconcussive and other medical symptoms. After controlling for the presence of PTSD and depression, Hoge et al. did not observe an increased risk of postconcussive or other symptoms for Army personnel with a history of loss of consciousness, with the exception of headaches (14) . Similarly, controlling for PTSD among solders with a mild TBI history who reported no loss of consciousness eliminated associations with postconcussive and other symptoms.
The purpose of this study was to estimate mild TBI occurrence in relation to combat theater injury mechanisms, estimate prevalence of PTSD and postconcussive symptoms, and examine associations of injury characteristics with PTSD and current postconcussive symptoms among military personnel deployed to OIF/OEF. This study complements that of Hoge et al. (14) by including all branches of the military and combat veterans of both Afghanistan and Iraq. Among personnel with histories of mild TBI, we were able to quantify associations between prevalence of postconcussive symptoms and other factors, including PTSD and injury characteristics.
MATERIALS AND METHODS
A self-administered mail questionnaire collected data on injury mechanisms, immediate postinjury symptoms suggesting mild TBI, PTSD, and postconcussive symptoms. Addresses were obtained from the National Change of Address databases and the US Department of Defense. The institutional review board of the Washington DC VA Medical Center approved the protocol.
Study population
The study population comprised 7,259 OIF/OEF veterans who had left combat theaters by September 30, 2004 (21) . Scores of 50 or higher were defined as indicative of PTSD (8, 23) .
Veterans were asked about specific injury mechanisms. Severity of mild TBI was dichotomized on the basis of immediate symptoms following injury: level 1 (dazed/ confused; having immediate concussion symptoms such as headaches, dizziness, or irritability) or level 2 (trouble remembering the injury, brief loss of consciousness, or selfreported head injury). The rationale for dichotomization was that amnesia regarding the injury event and loss of consciousness predict persistent symptoms and abnormal neuropsychological findings (18, 26, 27) . PCS 3þ was defined as self-attribution of three or more current neuropsychiatric symptoms to ''a possible head injury or concussion,'' including headaches, dizziness, memory problems, balance problems, ringing in the ears, irritability, and sleep problems (28) . Respondents had left combat theaters at least 5 months earlier; thus, reported symptoms were persistent.
Statistical methods
Stratified analyses explored the associations between variables of interest (injury mechanism, number of mechanisms, demographic characteristics, service in Iraq or Afghanistan) and outcomes (mild TBI, current postconcussive symptoms, PTSD). We also examined associations between outcomes (mild TBI and PTSD, PTSD and postconcussive symptoms). Chi-squared tests were used when comparing proportions. Crude prevalence ratios and 95 percent confidence intervals were calculated by using Cochran-Mantel-Haenszel methods for relative risks (29) (30) (31) .
Poisson regression multivariate analyses of the associations between exposures and outcomes were conducted to generate adjusted prevalence ratios and their 95 percent confidence intervals (32, 33) . We assigned the small number of veterans with missing values to the largest category (mode) within a variable, which served as the reference. Doing so resulted in conservative estimates of association. Models' goodness of fit was assessed by using log likelihoods, and models were checked for overdispersion.
Our PTSD and postconcussive symptoms measures had two overlapping symptoms: sleep problems and irritability. To address overlap, estimates of the association between PTSD and postconcussive symptoms were recomputed after omitting sleep problems and irritability from the PTSD score and lowering the PTSD threshold to 45 to mitigate the resulting reduction in sensitivity. Statistical analyses were performed with SAS 9.1 software (34).
RESULTS
Distributions by service category (Active-duty, National Guard, Reserve) and gender (86 percent male) were similar among 2,235 respondents versus the study population. Significantly more respondents were aged 41-65 years and fewer were aged 18-25 years (two-sided p < 0.001). Multivariate models controlled for age, lessening effects of differential response rates.
The 576 veterans deployed to both conflicts and 1,303 who served in only OIF had similar prevalences of mild TBI, PCS 3þ, and PTSD (table 1). The 356 veterans who deployed to only Afghanistan had a slightly lower prevalence of PTSD. Compared with males, female veterans had a significantly higher PTSD prevalence.
Sports/physical training was the most commonly reported injury mechanism, followed by falls, blasts, and motor vehicle crashes (table 2) . About 12 percent reported immediate symptoms following injury that were compatible with having received in-theater mild TBI.
Compared with veterans reporting sports/physical training as their sole injury mechanism, those injured by highenergy mechanisms such as falls were more likely to be categorized with mild TBI (table 2) . Mild TBI increased with increasing numbers of reported injury mechanisms.
Factors associated with PTSD
About 11 percent of respondents were classified as having PTSD (n ¼ 250). No adjustment for overdispersion was necessary. PTSD scores of 50 or higher (hereafter referred to as PTSD) were significantly more prevalent among the following groups: females, OIF veterans (vs. OEF-only veterans), those who reported multiple injury mechanisms, and those classified with level 1 or level 2 mild TBI (table 3) . A nonsignificant increased prevalence of PTSD was observed among persons aged 18-30 years and those reporting high-energy injury mechanisms. Distinguishing blasts from other high-energy mechanisms did not improve model fit or suggest differences in the relation between blast exposures and PTSD. No significant differences were noted in PTSD by service category.
Factors associated with postconcussive symptoms
Of the 275 veterans categorized with in-theater mild TBI, 35 percent reported persistent PCS 3þ. Poisson models were not overdispersed. PCS 3þ was significantly associated with reporting three or more injury mechanisms and level 2 mild TBI (table 4). The youngest veterans (aged 18-25 years) reported significantly less PCS 3þ. No differences were noted by sex, service component, conflict, or exposure to high-energy injury mechanisms. Veterans exposed to blasts had a nonsignificant increase in PCS 3þ (prevalence ratio ¼ 1.19, data not shown); distinguishing blasts from other high-energy mechanisms did not improve the model's fit.
PTSD was associated with a marked increase in prevalence of PCS 3þ (adjusted prevalence ratio ¼ 3.85, 95 percent confidence interval: 2.59, 5.72) (table 4). After we excluded sleep problems and irritability/angry outbursts from PTSD scores and lowered the threshold to 45, the association between PTSD and PCS 3þ remained strong (adjusted prevalence ratio ¼ 3.79). When we used the continuous revised PTSD scores, a prevalence ratio of 1.44 for PCS 3þ (95 percent confidence interval: 1.29, 1.60) was observed for each 10-point increase in the PTSD score (data not shown). An interaction term between level 2 mild TBI and PTSD was not significant. The following percentages of veterans reported physician diagnoses of head injury: 30 percent with PCS 3þ, 27 percent with level 2 mild TBI, 9 percent with level 1 mild TBI, and 4 percent of those classified as no TBI. Among veterans screening positive for PTSD, 44 percent said a physician had told them they had PTSD; 5 percent of other veterans said they had been diagnosed with PTSD.
DISCUSSION
Injuries during deployment were common among respondents, with 44 percent reporting at least one mechanism. Mild TBI arose from well-recognized combat hazards and other mechanisms including motor vehicle crashes and falls. Factors significantly associated with positive PTSD screens included OIF service, female gender, multiple injury mechanisms, and mild TBI. Persistent symptoms following mild TBI were significantly associated with level 2 (more-severe) mild TBI, multiple injury mechanisms, and PTSD. Multiple injury mechanisms may be a marker for high exposure to combat hazards and perhaps repeat, mild TBI events. PTSD prevalence among respondents was similar to that in other studies of OIF/OEF veterans (9, 10); lower incidence (9 percent) of PTSD among combat veterans has been reported (35) . The higher PTSD prevalence among female veterans was consistent with previous research (36) . Other researchers used PCL-17 scores lower than 50 to increase sensitivity (22, 24) among women; however, our PTSD threshold of 50 was reasonable for our mostly male study population. As suggested by Hoge et al. (14) , mild TBI's strong association with PTSD may be due to life-threatening combat experiences that can result in mild TBI or PTSD. Another possibility is that, in some cases, symptoms associated with PTSD may be a manifestation of brain injury. Hoge et al.'s (14) findings of strong associations with PTSD and depression among soldiers who had lost consciousness could reflect neurologic insult as well as traumatic stress.
PTSD was the strongest factor associated with reporting PCS 3þ, even after we excluded symptoms that overlap with postconcussive symptoms. Women did not have an increased prevalence of PCS 3þ after we adjusted for other factors. An association between PTSD and somatic complaints is consistent with past research (9, 11, 14) . As posited by Hoge et al. (14) , PTSD might be an effect modifier following mild TBI. If PTSD indicates neurologic insult, this also could explain its association with PCS 3þ. Unlike Hoge et al. (14) , this study did not assess the presence of depression, which could have affected the relation between PTSD and PCS 3þ. Future studies of the effects of mild TBI should measure depression in addition to PTSD and address the overlapping symptoms between PTSD and depression. Respondents may not have been fully representative of OIF/OEF veterans. Active-duty personnel who remained in the military could not be surveyed by the Department of Veterans Affairs. Respondents resembled the total population surveyed by gender and service category, but they were older. Symptomatic veterans may have been more likely to respond; however, neither their PTSD prevalence nor their mild TBI history were higher than that reported by surveys of Active-duty personnel (6, 9, 10) . Veterans attributing persistent symptoms to a head injury may have better recall of postinjury symptoms indicative of mild TBI, which could explain the relatively high percentage (35 percent) of veterans classified with mild TBI who reported PCS 3þ. This is a limitation of the cross-sectional design. Prospective follow-up of those with mild TBI symptoms in the combat theater would improve estimates of the risk of developing chronic symptoms and understanding of causal pathways for persistent symptoms. Nonetheless, classifying mild TBI based on immediate postinjury symptoms made it possible to distinguish the occurrence of mild TBI from postconcussive symptoms. In clinical settings, mild TBI diagnoses commonly incorporate persistent postconcussive symptoms.
Other studies enrolled only Active-duty personnel or those seeking care, who are not necessarily representative of all combat veterans, whereas this study included National Guard and Reserve members and was not confined to patients (37) . This survey provided estimates of PTSD prevalence and PCS 3þ that might not have been evident when these veterans completed routine postdeployment health assessments. Anonymity of survey responses reduced potential concerns about adverse effects on careers. PTSD is underestimated when prevalence is based on diagnoses made in Department of Defense medical facilities (35, 38) . Injuries incurred during deployment may not result in an official report, but they might result in persistent symptoms. This population-based survey could capture such injuries.
These findings suggest that a substantial number of OIF/ OEF veterans are experiencing physical and psychological health complaints associated with deployment injuries. This study likely underestimates the injury burden among OIF/ OEF veterans because attacks on troops have escalated since September 2004 (39) . It would have been desirable to analyze the effects of duration and intensity of combat in relation to adverse health outcomes; Hoge et al. (14) observed a higher PTSD prevalence among soldiers with higher combat intensity scores.
The Department of Defense and the Department of Veterans Affairs have instituted routine screening for TBI, postconcussive symptoms, PTSD, and psychiatric symptoms among OIF/OEF veterans (40) (41) (42) . A substantial proportion of veterans with PCS 3þ or positive PTSD screens reported no physician diagnoses for these conditions; this finding suggests that many veterans have not sought treatment for symptoms related to deployment. Our findings and those of Hoge et al. (14) point to the importance of clinical assessment of PTSD and depression when determining appropriate treatment methods for veterans experiencing postconcussive symptoms. When we examined PTSD as a continuous variable, we observed an increased risk of PCS 3þ for each 10-point increase in PTSD screening score, which suggests that clinicians should consider PTSD a condition with a spectrum from mild to severe rather than as a diagnosis that is either present or absent. Continued monitoring and intervention among OIF/OEF veterans are needed.
